Background: An appropriate physical regimen in diabetic patients positively modified both motor and sensory neuromuscular parameters, improved functional capacity and slowed the progression of diabetes and its cardiovascular sequelae.
INTRODUCTION
Diabetes mellitus is a common risk profile and quality-of-life damaging factor in patients with acute coronary syndrome (ACS) and an important leading cause of mortality and morbidity in these patients. According to the American Diabetes Association report, although the prevalence of diabetes mellitus among general population was estimated at less than 9%, this estimated prevalence in ACS patients is considerably higher (1-3) .
The prevalence of known type 2 diabetes mellitus mainly in ischemic patients attending cardiac interventions and supportive programmes has been estimated to be 20-30% (4,5) .
Recent investigations among the Iranian population could showed that the total prevalence of diabetes was 7.7%, equivalent to 2 million cases when extrapolated to the Iranian population aged 25-64 years (6) .
However, history of diabetes mellitus in patients with ACS, especially those who were candidates for cardiac surgeries ranged between 30-34.8% (7, 8) . Therefore, supportive approaches such as exercise-based cardiac rehabilitation programmes in diabetic patients with ACS can effectively lead to significant reductions in allcause and cardiovascular adverse events in these patients and are strongly recommended. The beneficial effects of regular physical activity on glycemic control, insulin sensitivity, lipid abnormalities and hypertension in diabetic patients have been previously described (9,10) .
It was recently demonstrated that an appropriate physical regimen in diabetic patients positively modified both motor and sensory neuromuscular parameters (11) , improved functional capacity (12,13) and slowed the progression of diabetes and its cardiovascular sequelae via favourable effects on body weight, insulin sensitivity, glycemic control, blood pressure, lipid profile, endothelial function and inflammatory defense systems (14) .
According to high reported prevalence of diabetes mellitus among Iranian ACS patients and also the probable influence of sociodemographical factors on outcome of supportive programs such as cardiac rehabilitation in these patients (15 ), we sought to examine the effects of cardiac rehabilitation program on cardiovascular and exercise parameters in diabetic patients undergoing coronary artery bypass surgery (CABG) and compared them to non-diabetics.
METHODS

Study population
Data were collected prospectively on 1,316 consecutive patients (mean age, 58.22±9.63 years ranging between 22 and 97 years; males, 75.6 %) who underwent pure CABG and enrolled in an exercise-based cardiac rehabilitation programme (phase II) at the Tehran Heart Center between July 2004 and January 2006. The charts of all patients who attended at least one session of cardiac rehabilitation were reviewed. Patients with previous cardiac operations, neurological impairment (stroke, peripheral neuropathy or traumatic brain injury), severe musculoskeletal disease (fracture or amputation); and any complications within hospitalisation such as severe infection, shock, arrhythmia or prolonged ventilator dependence, were excluded.
Patients were also excluded if they displayed uncontrolled dysrrhythmia during exercise training, such as atrial flutter, fibrillation or continuous ventricular tachycardia, or if ischemic changes were observed on an electrocardiogram during treadmill exercise. The study was approved by the Research and Ethics Committees of Tehran University of Medical Sciences and all individuals signed an informed consent before taking part in the study. Studied patients were categorised into the diabetes group (defined as symptoms of diabetes plus plasma glucose concentration ≥11.1 mmol/l or fasting plasma glucose ≥7.0 mmol/l or 2-hpp ≥11.1 mmol/l at the time of enrollment into the cardiac rehabilitation program) (16) and nondiabetics as the control group.
Cardiac rehabilitation programme
The complete cardiac rehabilitation programme was three 20-25 min periods of cardiovascular exercise on a treadmill per week for eight weeks (total of 24 sessions). There was 20 min of stretching and calisthenics for warm-up, and the session finished with 20 min of stretching and calisthenics for cool-down; the total duration of each session was approximately one hour (17) . All patients received psychological counselling and patients were offered coping strategies to accept and live with their cardiac incident.
Furthermore, nutritional counselling and an individualised diet plan were provided to establish a diet goal consistent with the American Heart Association/American Association of Cardiovascular and Pulmonary Rehabilitation recommendations.
Statistical analysis
Results were expressed as mean±SD for quantitative variables and percentages for categorical variables. Categorical variables between the two groups were compared using the chi-square test and continuous variables were compared by using t test. Multiple linear regression analysis was used to examine the association of diabetic status and changes to exercise parameters with the presence of confounders. P values of 0.05 or less were considered statistically significant. All the statistical analyses were performed using SPSS version 15.0 for Windows (SPSS Inc., Chicago, IL, USA).
RESULTS
Baseline characteristics and clinical data in diabetic and nondiabetics are presented in Table 1 . Although male to female ratio was higher in non-diabetics than diabetic patients (4.1 versus 1.7, p<0.001), two groups were similar in respect of age, education level and family history of CAD. Diabetics had a greater adverse risk profile, including greater prevalence of hypertension (p<0.001) and hyperlipidemia (p<0.001), whereas smoking was more prevalent in non-diabetics (p<0.001). There were no significant differences in cardiovascular medication programs between the two groups (Table 2 ).
Only 18.8% of diabetic patients and 19.5% of non-diabetics completed 20 or more sessions (Figure 1 ). Changes to cardiovascular parameters before and after attending a cardiac rehabilitation program in diabetics and non-diabetics are summarised in Table 3 . Resting systolic blood pressure had decreased more in diabetics than non-diabetics; however, changes in post-exercise systolic blood pressure and also in resting and post-exercise diastolic blood pressures were no different between the two groups. Regarding the change of heart rate, peak and post-exercise heart rates were improved more in non-diabetics than another group after attending cardiac rehabilitation programme. An increase in heart rate recovery was also detected in non-diabetics compared to diabetic patients. Diabetics had significantly lower exercise training energy expenditure (ETEE) and treadmill velocity at entry and end of the rehabilitation programme than non-diabetics in uniariate analysis. Also, these two exercise parameters were more improved in non-diabetics after this programme (Table 4) . Multivariate analysis of the difference between diabetics and non-diabetics regarding exercise parameter changes appearing in phase II cardiac rehabilitation showed more improvement in ETEE in non-diabetics compared to diabetics, (β: 2.035, 95% CI for β: 0.687-3.382, p=0.003) in the presence of main confounders (Table 5 ).
DISCUSSION
Although a considerable reduction in the rate of incidence of CAD events among adults with diabetes has been reported in recent decades (18) ; high absolute risk of CAD is still experienced by diabetic patients, especially in developing countries. In this regard, the effectiveness of different preventive approaches, such as cardiac rehabilitation to reduce the incidence of diabetic cardiovascular complications, has been highlighted. Recent investigations have emphasised the pivotal role of cardiac rehabilitation programmes in improving CAD risk factors, and the exercise capacity in patients with impaired glucose metabolism compared to pure usual care (19) .
However, the effectiveness of these programmes has been less frequently compared between diabetic and non-diabetic patient groups. In this study, although changes to both systolic and diastolic blood pressure after attending the cardiac rehabilitation programme were not significantly different, the non-diabetic group showed more improvement in heart rate recovery, peak heart rate during treadmill testing and end-training heart rate, from baseline to follow-up than diabetic patients.
Firstly, it seems that this difference can be due to diabetic autonomic neuropathy, which can usually occur within the first year after diagnosis of diabetes and may lead to cardiovascular cardiac autonomic dysfunction manifested by abnormal heart rate and blood pressure responses to exercise training (20) . It has been also clear that the severity of diabetes-related cardiac autonomic neuropathy is inversely correlated to achieve heart rate during submaximal or maximal effort. Moreover, a decreased cardiac output adjustment to exercise was observed in diabetic patients with this neuropathy (21,22) . However, improvement in heart rate recovery and peak heart rate was notable in both groups, so that favourable effects of aerobic exercise training on improving heart rate especially in diabetics with definite cardiac autonomic dysfunction has been proved (20) .
Besides, resting heart rate before and after attending cardiac rehabilitation was higher in diabetics and its change was also significantly higher. It seems that the increased resting heart rates in diabetics may be due in some patients to cardiac parasympathetic damage alone and in others, to combined parasympathetic and cardiac sympathetic damage. The sequential heart rate changes support the view that the vagus nerve is affected before the cardiac sympathetic nerves in these patients (23) . The influence of this changes on overall heart rate variability reflect significant reductions in cardiac parasympathetic activity and, possibly, increased sympathetic tone that can finally lead to the severity of clinical events in diabetic patients (24) .
We could also show that the improvement in ETEE in non-diabetics was higher than diabetics and this finding was also proved in the presence of potential confounders such as advanced age, number of sessions and type of medication. This difference can be due to this fact that most diabetic patients had difficultly adhering to structural exercise intervention programmes. However, in some animal studies, it has been found that treadmill exercise suppresses a diabetes-induced increase of Neuropeptide Y expression that can stimulate appetite and decrease energy expenditure (25) .
Moreover, the risk of developing diabetes can be reduced by based on an improving in energy expenditure through exercise. The explanation for this benefit is that the sensitivity of muscles to insulin improves with exercise training and therefore the muscles can absorb blood sugar more effectively (26) . Therefore, although improvement of energy expenditure following a cardiac rehabilitation programme was higher in non-diabetics, increasing ETEE in diabetic patients can be accompanied with considerable clinical advantages. Thus, completion of a cardiac rehabilitation program in these patients is strongly recommended.
CONCLUSION
In summary, significant improvement occurred in heart rate recovery, post-training exercise heart rate and also ETEE after attending a cardiac rehabilitation programme in both diabetic and non-diabetic patients undergoing CABG, but the diabetic group take less advantage of this program than non-diabetics.
